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Perseverance’s landing on Mars
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Time: ~E + 70 s 
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Entry Interface 
Time: E + 0 min 

Peak Deceleration 
Time: ~E + 80 s 

Parachute Deploy 
Time: ~E + 240 s 

Alt: ~6.5 – 11 km MOLA 

Vel: ~370 – 440 m/s 

Cruise Stage Separation 
Time: E – 10 min 
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Touchdown 
Time: ~E + 400 s 

Vel: 0.75 m/s vertical 

Sky Crane Details 

Alt: 20.7 – 14.5 m 
Vel: 0.75 m/s 

Radar  
Ground  

Solution 

and 

Lander Vision 
System Solution 

Time: ~E + 380 s 
Altitude: ~21.3 m 

Vel: ~0.75m/s 
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Mars 2020 EDL Verification & Validation Approach

• Testing philosophy
• Test As You Fly (TAYF)

• Stress Testing

• Worry Beads

• Varying degrees of hardware and 
software behavioral fidelity

• Validation
• Field tests

• Multiple Mars datasets

V&V 

Trifecta

Field Test

• Real Hardware 

• Real surface and Illumination

• Representative dynamics

• Used for model validation & 
retiring "worry beads"

Hardware Testing

• Flight and Engineering Model 
Hardware

• Low-level testing and debugging

• Complete EDL profiles

• Tests with M2020 avionics

Simulations / Analysis

• High fidelity models and analysis

• Cover operational envelope

• Sensitivity studies and stress testing

• Monte Carlo EDL system sim
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POST

But we can’t test on Mars…
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Simulating the Lander Vision System

Lander
Vision
System

Each model is reviewed 

by developer, experts, 

and users
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POST2: Mars 2020 Trajectory Simulation

Aerodynamics &
Aerothermodynamics

(LaRC)

Mass Properties
(JPL)

Digital Terrain 
(USGS)

Approach Navigation
(JPL)

MLE Model
(JPL)

IMU Model
(JPL)

Parachute Model
(LaRC)

Atmosphere Model
(SwRI, OSU)

Subsystem models are 
brought together and 

integrated into 
an end-to-end EDL 

trajectory simulationLaRC’s POST2 is the prime 
simulation for assessing 
MSL EDL performance 

RCS Model
(JPL)

TDS Model
(JPL)

GN&C
(JPL)

The Program to Optimize Simulated Trajectories (POST2) is a multi-body, 6-DoF trajectory simulation 
tool, initially developed for the Space Shuttle (circa 1973).  POST2 has been tailored specifically for 
Mars 2020 to include project-specific models and GN&C flight software.

New

LVS Model
(JPL)

Credit: S. Dutta et al., NASA LaRC
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Summary

• Piece-wise modelling and simulation enables understanding and 
preparing for a complex, untestable scenario
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